Introduction
The USA has a prison population of 2.2 million, yet little research has been conducted on drug overdose, poisonings, and other symptomatic exposures among these persons [1] . Nearly 50 % of state and federal prisoners report a history of drug abuse or dependence in the 12 months prior to incarceration, and 25 % were under the influence of drugs at the time they committed their offenses [2] [3] [4] . Scattered reports suggest that rather than being a "dry" environment, drug abuse, and misuse continue to occur during incarceration, often by inventive means [5] [6] [7] [8] [9] [10] [11] [12] . Recent reports, for example, have documented outbreaks of botulism in prisons due to consumption of contaminated moonshine, or "pruno" [13, 14] . Prisoners may also become exposed to harmful substances by hastily ingesting drugs when confronted by law enforcement at the time of arrest (body stuffing) or swallowing large amounts of drugs for smuggling (body packing), either prior to or during imprisonment [15, 16] .
In addition, prisons and jails house large numbers of persons with serious mental illnesses, and the suicide rate in these institutions is many times that of the general population [17, 18] . While self-poisoning is a relatively rare cause of completed suicide in prisoners, its role in suicide attempts and suicidal gestures has been less well described [19] [20] [21] .
We used a statewide poison control database to learn more about types of symptomatic exposures, their clinical effects, and resource utilization among this group during a 3-year period (2011) (2012) (2013) . These findings, drawn from an incarcerated population of approximately 136,000 at the study's midpoint, were compared with those from the general population of California. We were particularly interested in the subgroups of body stuffers and body packers, given their potential for poor outcomes [22] .
Materials and Methods
In this retrospective case series, we used clinical records stored in the California Poison Control System's (CPCS) electronic database for 3 years between January 1, 2011, and December 31, 2013. The CPCS possesses a statewide database containing records from over 300,000 telephone consultations performed each year by the CPCS's four regional call centers in Sacramento, San Francisco, Madera, and San Diego [23] . CPCS hotlines serve as a resource for toxic exposures to medical professionals, law enforcement, and the general community.
Cases were defined as persons within the state of California presenting to a health-care facility in California from jail, prison, or police custody (hereafter, "inmate") and were identified by a variety of free-text keyword searches of the CPCS electronic database (Dotlab) text notes. Search terms included the following: jail, prison, detention, correctional, institution, inmate, and prisoner. Inmate cases were compared to CPCS case records of non-inmates who presented to health-care facilities during the same time period. To aid comparison between cases and controls, additional inclusion criteria were a minimum age of 20 years and exposure to a single toxic agent. Cases were excluded if they were managed solely within the correctional system.
Using a common form, three abstractors collected information on a number of demographic, clinical, and outcomerelated variables from case records. The demographic variables were age, sex, and county. Clinical variables included pertinent information from the history and physical exam. Standard definitions were used to identify signs such as hypertension (SBP >140 mmHg or DBP >100 mmHg), tachycardia (heart rate >100 beats/min), hyperthermia (temperature >100.4 F or 38 C), tachypnea (respiratory rate >20 breaths/ min). Other clinical data included exposure variables (route, location, reason for exposure, body stuffer, or body packer status), mental status variables (agitation, drowsiness, coma), clinical events (vomiting, seizure, ventricular dysrhythmia, cardiac arrest), and substance used ( Table 2 ). The presence of these entities was noted if patient records provided direct evidence (e.g., "BP is 180/90"=hypertension), was remarked upon (e.g., "patient is hypertensive") or could be reasonably inferred from the text (e.g., "patient became violent requiring restraints" = agitated). The term "abuse" was applied to describe use of a drug to get high, while "misuse" was defined as intentional improper or incorrect use for purposes other than a psychotropic effect, for example with the intention of smuggling the drug into prison for sale to other inmates.
Outcome variables included patient treatments and disposition (intubation, naloxone, activated charcoal, whole bowel irrigation, benzodiazepine use, other sedation, dialysis, intravenous fluids, admission to ICU) as well as a an overall patient outcome as defined by the American Association of Poison Control Centers (0=unknown, 1=no effect, 2=mild effect, 3= moderate effect, 4=severe effect, 5=death) [24] .
Agreement between abstractors was tested by calculating kappa coefficients (observed inter-rater agreement 81-100 %, kappa scores 0. Clinical data for the comparison (non-inmate) group was obtained from coded variables that had been entered by poison control center staff at the time of the original case. If information pertaining to a particular variable was not mentioned, it was treated as negative in the statistical analysis.
Data were analyzed using Stata version 12.0 statistical software (College Station, TX). Odds ratios with 95 % confidence intervals were calculated for most comparisons between inmates and non-inmates, and double-sided t tests were used to compare mean ages between groups [25] . Data from the calculation of odds ratios was rounded to the nearest tenth of a point and percentages were rounded to the nearest integer. Due to the possible differences between body stuffers and body packers compared with the general inmate population, a separate analysis was conducted that excluded these two groups. The subgroup of body stuffers and body packers was then compared with the remaining inmate case group.
Results
A total of 704 inmate cases were identified and compared with 106,260 non-inmate cases over the same time period (Table 1) . Of the 704 cases, there were 114 body stuffers and 14 body packers. The total number of adults held in California prisons and jails at the study midpoint (January 2012) was 136,146, of whom 7834 (6 %) were women [22] . The number of inmate cases per year was approximately steady over the study period (range 220-253). Compared with the general population, inmates were more likely to be younger (mean age 34 vs. 42, p=0.000) and male (84 vs. 44 %; odds ratio 6.25, 95 % confidence interval 5.11-7.64); these findings were not substantially different when body stuffers and body packers were excluded.
Oral ingestion was the predominant route of exposure among inmates and occurred more commonly compared to non-inmates (93 vs. 81 %; OR 3.18, 2.37-4.26), while inhalation was less common (2 vs. 7 %; OR 0.21, 0.12-0.38); there was no significant difference in the parenteral use of drugs between the groups (2 vs. 2 %; OR 0.80, 0.45-1.41). Presentation for other routes of exposure, including ocular, dermal, rectal, or miscellaneous, was less common among inmates compared to non-inmates (2 vs. 9 %; OR 0.18, 0.11-0.31). Seventeen percent (n=117) of inmate exposures were identified prior to incarceration, 81 % were identified after incarceration (n=569), and in 3 % of cases, the place of exposure was unknown (n=18). Predictably, when body stuffers and body packers were excluded, the number of preincarceration exposures fell (n=39, 7 %).
Self-harm (intentional suicidal ingestion) was the predominant reason for drug exposure among inmates and non-inmates alike (52 vs. 50 %). While the difference between the two groups was not statistically significant (OR 1.09 0.94-1.26), it became significant after body stuffers and body packers were excluded (63 vs. 50 %; OR 1.76, 1.48-2.08). Both drug abuse (16 vs. 7 %; OR 2.34, 1.90-2.87) and misuse (20 vs. 6 %; OR 3.31, 2.75-3.98) were much more common among inmates, while accidental exposures were rare (6 vs. 30 %; OR 0.17, 0.12-0.23). Odds of misuse became insignificant when body stuffers and body packers were excluded from the analysis (OR 0.72, 0.48-1.08).
The drugs most commonly used by inmates were methamphetamines (14 %), anticonvulsants (11 %), cleaning products (10 %), and acetaminophen (8 %) ( Table 2 ). Inmates were much more likely than non-inmates to use methamphetamines (OR 6.40, 5.14-7.98) and heroin (OR 9.66, 6.82-13.68), as well as cocaine (OR 1.74, 1.01-3.00) and cleaning products (OR 2.14, 1.67-2.74). On the other hand, inmates were less likely to use opioid combination medications (OR 0.34, 0.23-0.49), ethanol (OR 0.1, 0.05-0.20), or antidepressants (OR 0.25, 0.17-0.36). The major difference noted when body stuffers and body packers were excluded was a dramatic reduction in the number of methamphetamine cases (n = 95 vs. 17). N/a not applicable, OR odds ratio, 95% CI 95% confidence interval a The general (non-inmate) population remains the same for Tables 1-4 b Odds ratio comparing all inmates with the non-inmate control population (see "Materials and Methods") c Odds ratio comparing inmates (after excluding body stuffers and body packers) with the non-inmate control population (see "Materials and Methods") d All percentages rounded to the nearest integer e Includes dermal, ocular, and miscellaneous not otherwise specified routes of exposure Clinically, the odds of experiencing common adverse effects such as vomiting, tachycardia, and hypertension were increased among inmates (Table 3) . Additionally, less common but more serious problems such as seizures (OR 2.09, 1.32-3.30), ventricular dysrhythmias (OR 15.14, 7.96-28.81), or cardiac arrest (OR 4.58, 2.19-9.58) occurred more frequently in the inmate population. Agitation was observed significantly more often among inmates than non-inmates (OR 2.89, 2.30-3.63), while central nervous system depression (drowsiness or coma) was observed slightly less often Table 4) . They also had a higher risk of a poor outcome (major health effect or death) compared to non-inmates (OR 1.41, 1.05-1.89). Findings were again similar but attenuated when body stuffers and packers were removed, with the exception that the odds of poor outcome became statistically non-significant (OR 0.97, 0.66-1.43). Four inmates died, all of them young male methamphetamine users, two of them body stuffers (Table 5) .
We performed a subgroup analysis of the 114 body stuffers and 14 body packers identified during the study period, comparing them with the general inmate population (Table 6 ). Most concealed drugs orally, three concealed them rectally, and one inmate hid drugs both orally and rectally. Most body stuffers and packers were suspected of having ingested or concealed the drugs at the time they were apprehended (65 %); the number who obtained the drugs while in prison could not be determined. Body stuffers ingested drugs of abuse, primarily methamphetamines (61 %), heroin (20 %), and cocaine (7 %).
Of the 14 body packers, 13 were men, and ages ranged from 24 to 47 years. Two cases involved a pair of arrestees who were detained on suspicion of body packing. Two others admitted to packing drugs into jail for self use; in the other 10 cases, drug packing was identified among already incarcerated individuals. Drugs were packed in the rectum in 3 cases (21 %); the rest were orally ingested. Similar to body stuffers, methamphetamines (57 %) and heroin (14 %) were the most commonly involved drugs; one case involved concealed packs of cigarettes. Eight patients received whole bowel irrigation and four received activated charcoal. Of the six patients (43 %) who were admitted to the ICU, four experienced a severe outcome, requiring intubation. None of body packers died.
Compared to other inmates, body stuffers and packers were more likely to experience agitation, tachycardia, hypertension, seizures, and hyperthermia; to require admission to the intensive care unit, undergo endotracheal intubation, and receive benzodiazepines and other sedatives; and to have a major medical outcome or death (Table 6) .
Discussion
We performed a large retrospective case series of symptomatic exposures among California inmates over 3 years, 2011-2013. In several respects, drug exposures among inmates were notably different from general community exposures during the same period. Inmates were more likely to abuse drugs and make suicidal attempts or gestures and suffered more serious complications. Though women comprised only a small proportion of inmate cases (16 %), they were disproportionately represented compared to the makeup of the prison system as a whole, in which females accounted for only 6 % of all prisoners at the study's midpoint. These findings support prior reports suggesting that the prevalence of drug use or OR odds ratio, 95% CI 95% confidence interval, ED emergency department, ICU intensive care unit, IV intravenous a Odds ratio comparing all inmates with the non-inmate control population (see "Materials and Methods") b Odds ratio comparing inmates (after excluding body stuffers and body packers) with the non-inmate control population (see "Materials and Methods") dependence among female inmates may exceed that of their male counterparts [26, 27] . Substances ingested by inmates reflect drugs and chemicals more likely to be available to this population. For example, heroin use was more common than other opioids, and ethanol intoxication was rare. Other products that were more common among inmates compared to the general population were plain acetaminophen (which can often be bought in prison commissaries) and household cleaning products.
Encouragingly, despite the prevalence of drug abuse among the incarcerated population generally and the increased odds of self-harm observed in this study, odds of poor outcome or ICU admission were not significantly different from the community population when body stuffers and body packers were excluded. This may be due to earlier identification of overdoses by staff in correctional institutions.
To our knowledge, the subgroup of 114 body stuffers represents the largest case series of these patients reported to date. In 30 % of our sample, body stuffing was identified after the inmate was in prison. This may mean that body stuffing was not revealed by the suspect or acted on by police until after booking; alternatively, it may reflect body stuffing by drug traders already established within a correctional facility. Body stuffers exhibited considerable differences in comparison with other inmates. Nearly 90 % of these patients ingested one of three drugs of abuse (methamphetamines, cocaine, and heroin), and nearly all of their clinical outcomes were worse than other inmates. There was a significant overlap in our study between methamphetamine users (60 % of body stuffers) and body stuffers (72 % of methamphetamine users).
Recent studies of both adult and adolescent offenders in California have found a high prevalence of methamphetamine OR odds ratio, 95% CI 95% confidence interval, ED emergency department, M male OR odds ratio, 95% CI 95% confidence interval, CNS central nervous system use prior to incarceration; methamphetamine use is also highly associated with a history of prior arrest, jail, and recidivism [28] [29] [30] . More generally, methamphetamine abuse has been documented to be a significant source of emergency department-related visits and hospital costs [31] . Methamphetamines are central nervous system stimulants that produce feelings of euphoria and a range of sympathomimetic effects that are reflected by our data-agitation, hypertension, tachycardia, seizures, hyperthermia, and the need for benzodiazepines and other sedative medications [32, 33] . Many of these patients had profound, life-threatening overdoses that resulted in ICU admission and endotracheal intubation, with a case-fatality rate of 4 % (4/95). The four deaths were all men with an average age of 35 years, similar in these respects to prior reports of methamphetamine-related fatalities [34, 35] . All four developed hypotension, a poor prognostic indicator in methamphetamine overdose that may be associated with massive ingestions. [36, 37] It is worth noting that among chronic methamphetamine users, accelerated cardiac pathology may predispose to risk of mortality even in the absence of major exposure. [38] One of the four decedents, a body stuffer, was initially taken to jail despite being arrested for methamphetamine use; initially asymptomatic, he became unresponsive and coded shortly after booking. Of note, he had recently been released from a drug-related jail stay, putting him within the high-mortality window that has been described in recently released prisoners. [39] Relatedly, a second decedent had taken methamphetamine while in jail a few hours prior to when he was expected to be released.
Our body stuffers were similar to a group of 55 methamphetamine stuffers described in a recent article by West et al. [40] In that series, a higher proportion of patients experienced a severe outcome (29 %), but the case-fatality ratio was lower (2 %). The higher incidence of severe outcome in their series might be explained in part by a large percentage (25 %) of patients who had ingested unwrapped drugs. The outcomes in these two studies differ considerably from the three largest case-series of crack and cocaine body stuffers (total n=250), in which most patients had mild symptoms, and few required benzodiazepines or hospital admission, though many received whole bowel irrigation and two patients died. [41] [42] [43] . The generally mild clinical course experienced by most cocaine stuffers has led to initial efforts to develop validated emergency management guidelines, which are clearly needed for body stuffers more generally.
The limitations of this study in large part reflect the limitations of our dataset. The California Poison Control System depends on voluntary reporting of cases, cannot be assumed to be comprehensive, and may be subject to reporting bias. The dataset is inherently incomplete, limiting the ability to strongly associate exposures with symptoms or outcomes. It is possible that inmate cases-particularly the mild ones-may have been underreported by emergency physicians or law enforcement. Other limitations include the inconsistent completeness of the case records, as cases are documented by CPSC staff primarily for clinical management and not research purposes. Our inclusion criteria excluded cases of polydrug exposures, but gained in the tradeoff was the ability to associate particular symptom complexes with specific agents and to make comparisons with the non-incarcerated population. However, we must acknowledge that cases categorized as single exposures did not always undergo thorough toxicology testing to rule out other unreported ingestants, and some of these cases may have involved additional substances. We also grouped together body stuffers and body packers for comparison to other inmates, although the drug wrapping techniques and amounts ingested by stuffers may differ from those of packers. However, we found no significant differences when body packers were removed from the analysis (data available upon request).
Conclusions
To our knowledge, we have presented the first large case series of symptomatic exposures among a high-risk demographicpersons under police custody-and as well as the largest caseseries of drug body stuffers to date. Inmates had a substantially higher risk of drug abuse and suicide attempts and suffered more serious clinical side effects. The potential for high morbidity among body stuffers and packers suggests that a high index of suspicion of such ingestions be maintained when evaluating patients prior to incarceration.
